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Predictive factors of success following
radio-frequency stylet (RFS) ablation of
incompetent perforating veins (IPV)
Anil P. Hingorani, MD, Enrico Ascher, MD, Natalie Marks, MD, RVT, Alexander Shiferson, DO,
Nirav Patel, DO, Kapil Gopal, MD, and Theresa Jacob, PhD, Brooklyn, NY
Objective: To evaluate potential predictive factors associated with success or failure of incompetent perforating veins
(IPVs) treated with radio-frequency stylet (RFS).
Methods: Over the last 12 months in this observational study, 38 consecutive patients with various degrees of venous
insufficiency and IPVs underwent 48 office-based radio-frequency ablation procedures (1 - C 3; 7 - C 4; 10 - C 5; 30 - C
6) in 44 limbs. There were 21 females and 17 males with a mean age of 67  17 years (38-93 years) who had a total of
93 IPVs (40 calf; 53 ankle). Eighteen patients (47%) had ipsilateral great saphenous vein (GSV) radio-frequency closures
performed prior to current procedure. The venous flow pattern was classified by spectral waveform analysis as “normal”
(spontaneous with respiratory phasicity) in 33 patients and “pulsatile” (with bidirectional cardiac phasicity) in five
patients. Follow-up duplex scans were performed from 3 to 7 days postprocedure. Statistical analyses were performed for
determining correlation between the various factors such as, age, pulsatile flow, CEAP class, prior GSV ablation, vein
diameter, reflux, and patency.
Results: The mean number of ablated IPVs was 1.94 0.38 ranging from 1-3. Immediate success rate was 88% (82 cases,
32 patients). IPVs had a duplex measured mean diameter of 3.8  1.1 mm (2-6.6 mm). Eleven IPVs remained patent in
six patients. There was no significant difference between the patent and the obliterated IPV groups concerning age (P 
0.75), prior GSV ablation (P  .19), IPV diameter (P  .08) and CEAP classification. Conversely, four of the five
procedures (80%) performed in patients with “pulsatile” venous flow failed, while only two of the remaining 43
procedures (4.7%) in patients with “normal” venous flow failed (P < .001).
Conclusion: These data show that a pulsatile venous flow pattern is a significant predictor of failure following RFS for
IPVs. (J Vasc Surg 2009;50:844-8.)With the advent of radio-frequency and laser ablation
of the great saphenous vein (GSV), stripping of the GSV is
rapidly becoming an infrequently performed procedure.
These minimally invasive techniques offer the patient less
pain, relief of symptoms, and improved quality of life in an
office setting compared with the open surgical proce-
dures.1,2,3 However, some patients present with venous
insufficiency not involving just the GSV but rather also
involving the perforating veins. Some data have suggested
that ablating the reflux in the superficial and perforator
systems may benefit some patients.4 Standard treatment
had consisted of subfascial endoscopic perforator surgery
(SEPS).5,6
Performing SEPS involves general or regional anesthe-
sia, uses laparoscopic equipment, and is performed in an
ambulatory setting. While this was clearly an advance com-
pared with open perforator ligation, issues persisted of not
being able to ligate the distal perforators and surgical site
infection.7
From the Division of Vascular Surgery, Maimonides Medical Center.
Competition of interest: none.
Presented at the Eastern Vascular Society, Boston, Mass, September, 2008.
Additional material for this article may be found online at www.jvascsurg.org.
Correspondence: Anil Hingorani, MD, Division of Vascular Surgery, Mai-
monides Medical Center, 4802 10th Avenue, Brooklyn, NY 11219
(e-mail: ahingorani@maimonidesmed.org).
0741-5214/$36.00
Copyright © 2009 by the Society for Vascular Surgery.
doi:10.1016/j.jvs.2009.04.046
844Closure (VNUS, San Jose, Calif) of the perforating
veins is a new technique that offers a minimally invasive
approach to ablate these sources of reflux.8,9 As long as the
incompetent perforating vein can be visualized, we suggest
it can be cannulated and ablated. We herein review our
initial experience with this new promising technology. In
addition, the purpose of this study is to determine the
contributing factors to failure of vein closure. Our hypoth-
esis is that success or failure of this technique correlates with
flow patterns and IPV diameter.
METHODS
Patients. Over the last 12 months, 38 consecutive
patients in this observational study underwent 48 office-
based radio-frequency ablation procedures of incompetent
perforating veins (IPV) in 44 limbs.
Preoperative evaluation. All patients underwent pre-
operative duplex venous mapping in our office performed
by experienced registered vascular technologists (RVTs).
Venous mapping protocol routinely included bilateral as-
sessment of the infrainguinal and infrapopliteal deep veins,
GSV and small saphenous vein (SSV) as well as medial
infrapopliteal perforators in reversed Trendelenburg posi-
tion (Figs 1-3). Patency, flow pattern (normal, decreased,
reflux, etc.), and presence and extension of chronic and/or
acute thrombi were accurately documented (Table I). Ret-
rospective analysis of the spectral waveform analysis docu-
mented by standard images and corresponding video-
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patterns. We classified these venous flow patterns as “nor-
mal” (spontaneous with respiratory phasicity) and “pulsa-
tile” (with bidirectional cardiac phasicity). Diameters of the
GSV (4 points along the thigh) and SSV (4 points along the
calf and ankle) as well as visualized perforators were re-
ported.
Technique. We used ClosureRFS Stylet (VNUS;
Medical Technologies, Inc., San Jose, Calif) rigid devices
powered by RFGPlus generator in all cases (Fig 4). All
procedures took place in our outpatient office facility.
Patient was positioned on the examination chair in a re-
versed Trendelenburg position to enhance venous fill and
dilate the veins. Ipsilateral lower extremity was slightly bent
at the hip and knee and abducted at the hip. After prepping
and draping the medial infrageniculate leg surface in a
sterile manner the assisting vascular technologist identified
and marked the target calf and ankle perforators.
A duplex scanner (ATL 5000 with SonoCT capability;
Philips, Bothell, Wash) was used to guide all procedures. A
linear 7-4 MHz transducer inserted in a sterile plastic sleeve
with acoustic coupling gel provided excellent B-mode and
color images. All procedures were performed with help of an
RVT with an extensive experience in various venous and
arterial duplex-guided interventions (NM). This allowed us to
achieve successful direct vein access with the ClosureRFS
Stylet in all cases. IPVs were identified by transverse scanning
starting from the medial malleolus to the knee. When the
Fig 1. Color Doppler image of incompetent calf perforating vein.
Retrograde flow in the perforating vein during reflux is demon-
strated by the red color hue.
Table I. Venous reflux distribution for patients who unde
incompetent perforating veins
Reflux
Location
Perforators
only
Perforators and
superficial veins
Cases 6 2
% 12 4target vein was localized, the probe was slowly rotated toachieve the image including the entire perforator length from
its most superficial to the deepest end below themuscle fascia.
The position of the probe edge was marked on the skin and
the skin was infiltrated with 1-2 mL of 1% lidocaine. A small
skin stab with scalpel allowed initial stylet insertion. The
catheter was then directed toward the target perforating vein
and along its lumen to cross the fascia. Intravascular electrode
position was confirmed by venous blood flashback and/or
impedance400 Ohms. We found it helpful to flush a small
bolus of saline through the stylet to reassure its proper intra-
venous position in cases of vein spasm.
Stylet tip was placed just below the deep fascia and at least
5mm from both the skin surface and the deep vein, as verified
by duplex ultrasound. When final stylet positioning was ac-
complished, external compression with the ultrasound probe
was applied to exsanguinate the vessel segment and improve
electrode contact with the vein wall. After confirmation of
intravascular electrode position, 2-4 mL of 1% lidocaine were
injected around the target vessel. After removal of the trocar
from the stylet, the procedure chairwas readjusted to place the
patient in Trendelenburg position.
Radio-frequency generator temperature was set by de-
fault at 85°C. We utilized a “pullback” algorithm in all
cases. The treatment was initiated at the deepest point by
delivering 90 seconds of focal single cycles to the IPV wall
at the 3, 6, 9, and 12 o’clock positions, followed by
pullback of 1 cm in 1minute while gently rotating the stylet
and visualizing the catheter tip with duplex to reassure its
Fig 2. Spectral Doppler analysis of incompetent calf perforating
vein depicted on Fig 1 confirming abnormal reflux (reflux time is
3.34 sec).
t 48 radio-frequency ablation procedures for
forators and
deep veins
Perforators, deep and
superficial veins
Total
procedures
21 19 48
44 40 100rwen
Persafe depth. Constant pressure was applied over the intrave-
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if the impedance value exceeded 400 Ohms indicating the
extravascular electrodes location. After catheter removal,
compression with folded gauze was applied over the treated
IPV for 1 minute.
Immediate postoperative scanning demonstrated ab-
sent or minimal flow in the treated vessel after augmenta-
tion by manual calf compression (Fig 5). All described
target perforators were successfully cannulated.
Postoperative management. All patients had folded
4  4 gauze applied over treated perforators and elastic
bandage wrapped around the leg from the ankle to the knee
with moderate pressure in a multilayer fashion. We advised
to keep the wrap for 48-72 hours and maintain light
physical activities while avoiding prolonged bed-rest or
strenuous exercise (running, weight-lifting). All patients
rested for 30 minutes on the procedure chair in Trendelen-
burg position and an additional 30 minutes in the office
waiting area to reassure hemostasis. Follow-up duplex scans
Fig 3. Gray-scale image of incompetent perforating vein depicted
on Figs 1 and 2. Arrows point to the fascia crossed by the target
perforator.
Fig 4. Intraoperative gray-scale image of the Stylet catheter treat-
ing the target perforator. Arrow points to the tip of the catheter at
the perforator’s deepest end.to rule out the presence of DVT and confirm vessel occlu-sion were scheduled within 3 to 7 days postprocedure.
RVTs conducting the follow-up tests were instructed to
compare the location of occluded and patent perforating
veins with the preoperative findings to reassure that any
visualized incompetent perforator is not a new vessel un-
identified previously at the time of the initial examination.
Statistics. Statistical analyses were conducted using
SigmaStat 3.5 (Systat Inc, Point Richmond, Calif) and
SPSS version 8.0 (SPSS Inc, Chicago, Ill) software. Values
were compared by 2, Student t test, and multivariate
analysis. To determine predictive factors of procedure fail-
ure, logistic regression analysis was performed. Association
of variables to failure was analyzed by correlation analysis.
Statistical significance was identified as P  .05.
RESULTS
Technical success and early follow-up
Patients. Of the 38 patients in the study, there were 21
females and17maleswith amean age of 6717 years (38-93
years). Concomitant risk factors included hypertension in 22
(58%) patients, history of smoking in 13 (34%) patients,
diabetes in 10 (26%) patients, coronary artery disease in 8
(21%) patients, and chronic heart failure in 3 (8%) patients.
These patients have been suffering from severe chronic lower
extremity venous disease classified usingCEAP criteria.Of the
total 48 procedures, 30 (62%)were performed in patientswith
CEAP class 6, 10 (21%) in patients with CEAP class 5, 7
(15%) in patients with CEAP class 4, and the remaining
case (2%) in a patient with CEAP class 3 venous disease
(Table II). Eighteen patients (47%) had ipsilateral GSV radio-
frequency ablation (RFA) prior to the current procedure. An
additional three patients (8%) had a history of ipsilateral GSV
excision. Overall, 30 IPV RFS procedures (63%) were con-
ducted in the limbs with excluded GSV.
In 34 patients (89%), the venous flow patterns were
“normal” while it was “pulsatile” (with bidirectional car-
diac phasicity) in the remaining 4 patients (11%) (see
accompanying Video in the electronic version on the Jour-
Fig 5. Intraoperative color Doppler image of the obliterated calf
perforating vein depicted on Figs 1 through 4 (outlined by arrows).nal’s website). A total of 93 IPVs were identified: 53 (57%)
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(43%) were at the medial calf level (Figs 1, 2, and 3). These
IPVs had a duplex measured mean diameter of 3.8  1.1
mm (range 2 to 6.6 mm). The mean number of IPVs per
patient was 1.94  0.38 (range from 1 to 3).
Correlation of procedure success with various clinical
factors
Four out of five procedures (80%) performed in pa-
tients with “pulsatile” venous flow failed, while only two of
the remaining 43 procedures (4.7%) in patients with “nor-
mal” venous flow were unsuccessful (P  0.001). The
power for 2 test is 0.999. Pearson correlation coefficient
0.7 (Table III).
We did not find statistically significant diameter difference
between the patent (4.4 mm 0.6) and occluded IPVs (3.8
mm  1.1) with P  0.08; however, this comparison ap-
proached significance. There were no significant age differ-
ences found between the patients with patent IPVs (64 22
years) and patients with obliterated IPVs (66 17 years) with
P  0.75. Similarly, prior GSV exclusion (27 cases – RFA, 3
cases – removal) was not associated with the success of IPVs
RFS. Five failures were in the group of 30 excluded GSV
(16%) while the remaining patient was in the group of 18
patent GSVs (6%) with P .4.
Average CEAP class for patients with successful IPV
RFS (5.4  0.8) was not significantly different from the
average CEAP class in patients whose IPV RFS failed
(5.5 0.8) with P 0.8. All failures were inmales (5 of 17)
with none in females (0 of 21) with P  .02.
Multivariate analyses also did not show any significant
association between patency and other parameters exam-
ined other than for pulsatile flow (P  .001, odds ratio 
Table II. Correlation between the venous reflux location
(38 patients) treated with radio-frequency ablation proced
Reflux location Perforators only
Perforators and
superficial veins
Class
6 6 1
5 0 1
4 0 0
3 0 0
Table III. Immediate success rates of 48 radio-frequency
ablation procedures for 93 incompetent perforating veins
(IPV) in 44 limbs in 38 patients
Result
Occluded
(1 month)
Patent
(1 month)
Success rate
(%)
Group
Patients (n  38) 33 5 87
Limbs (n  44) 38 6 86
Procedures (n  48) 42 6 88
IPV (n  93) 82 11 8882, 5% confidence lower, 6.0 and 95% confidence upper,1116). Because the number of cases in the failed group is
only six, compared with that in the occluded group (42),
we also conducted stepwise multiple logistic regression
analyses. These analyses demonstrated that pulsatile flow is
a significant contributing factor toward failure of the radio-
frequency ablation procedure.
Complications and clinical outcomes
There were no local or systemic intraoperative compli-
cations noted. Postoperative duplex scan identified occlu-
sive thrombosis in the short segment of superficial tributary
vein communicating with the occluded perforator in one
patient. Nineteen of the 30 IPVRFS cases (63%) performed
for open venous stasis ulcers contributed to complete
wound healing while an additional 3 patients (10%) had a
significant decrease of wound area and pain. Themean time
to ulcer healing was 2  1.54 (SEM) months.
DISCUSSION
Laser,10 sclerotherapy, and cyro-ablation11 of perfora-
toring veins all offer alterative minimally invasive tech-
niques of ablating these sources of reflux. While the data
exploring these techniques is promising, it is quite scant
and bears further examination. Nonetheless, during this
early experience, we have noted some key points for RFA of
the perforating veins. Unlike the other techniques of ablat-
ing the perforators, with RFA, one can measure impedance
and confirm intraluminal access. Unlike SEPS, using RFA,
one can ablate the distal, lateral calf, or thigh perforators.12
Nonetheless, all of these techniques of ablating the
perforators have documented rates of recurrence. These
techniques do not change the underlying pathophysiology
of the cause of the insufficiency and, therefore, recurrences
can occur. However, with surveillance, recurrent or persis-
tent perforating veins can be identified and ablated again
with minimal morbidity.
One of the reasons for these failures may have been the
pulsatile flow that was noted in the deep and the perforating
veins. Perhaps patients with pulsatile flow may represent a
subpopulation with cardiac valvular regurgitation, conges-
tive heart failure, or arteriovenous fistulae that result in the
failure of this technique. While we expected that tricuspid
regurgitationmay play a significant role in the pulsatile flow
that we noted, only two of the six echocardiograms per-
formed in patients with pulsatile flow demonstrated mild
istribution and clinical class of venous stasis in 44 limbs
for incompetent perforating veins
Perforators and
deep veins
Perforators, deep and
superficial veins Total limbs
12 8 27
3 5 9
4 3 7
1 0 1and d
urestricuspid insufficiency.13,14,15
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Because the number of cases in the failed group is only six,
compared with that in the occluded group (42), we also
conducted stepwise multiple logistic regression analyses.
These analyses demonstrated that pulsatile flow is a significant
contributing factor toward failure of the radio-frequency ab-
lationprocedure.However, a larger series of casesmayprovide
more information on predictive factors.
One problem that we noted during this initial experi-
ence was that after accessing the first perforator in the calf,
often the next perforator went into spasm. We noticed that
larger perforators do go into spasm as well, but due to
larger initial diameter, they do not completely obliterate.
Therefore, it is easier to identify and successfully cannulate
a larger perforating vein in spasm than a smaller perforating
vein in spasm. Therefore, we have suggested performing
ablation of the smaller perforating vein first.
Another issue has been the education of the vascular
technologist in identification of the perforators. Duplex imag-
ing of these incompetent perforators takes a significant
amount of training for the entire vascular lab. Accurate detec-
tion of these small perforators took months of inservicing and
reviewing of the venous studies. Cannulation of these vessels
can be more technically challenging due to the size of the
target vessel. This can be difficult due to their size and lack of
prior exposure to the examination of these veins. We suggest
starting with the examination of the great/small saphenous
veins/varicose tributaries in the transverse plane. The color
gain shouldbe set for about 70%with a lowPRF.Examination
should be focused on veins communicating with the deep
system. Reversal of flow should be documented by squeezing
the calf. Measurement of the diameter should be made with
reducing the color gain to 50%.
We suggest that this new technology may be a useful
adjunct in the armamentarium for treatment of venous
insufficiency. The fact that it is performed percutaneously
under local anesthesia will allow it to replace SEPPS. This
initial experience does demonstrate the effectiveness of the
procedure but does suggest that certain types of venous
flow may be associated with a high incidence of failure.
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